The human development index (HDI) developed by the United Nations Development Programme is computed as the average of three equally weighted outcome measures: life expectancy (LI), educational attainment (EI) and income (WI). However, this computational process is independent of the resources being devoted by each country to the achievement of the three outcome levels. Hence, it is conceivable that two different countries may consume vastly different amount of resources in achieving the same outcome, say, LI. However, this difference in the efficiency of resource utilization is not reflected in the HDI. The purpose of this paper is to address this efficiency issue.
The World Institute for Development Economics Research (WIDER) was established by the United Nations University (UNU) as its first research and training centre and started work in
 Helsinki, Finland in 1985 
Introduction
The human development index (HDI) developed by the United Nations Development Programme (e.g., UNDP 2003) is computed as the average of three equally weighted outcome measures or indices of human development: life expectancy (LI), educational attainment (EI) and income (WI). However, this computational process is independent of the resource endowment being devoted by each country to the achievement of the three outcome levels (e.g., Raab, Kotamraju and Haag 2000) . Hence, it is conceivable that two different countries consume vastly different amount of resources in achieving the same, say, LI, whereas this difference in the efficiency of resource utilization is not reflected in the HDI. The purpose of this paper is to address this efficiency issue. Here, the term efficiency corresponds to the concept of Pareto-Koopmans efficiency in economics (e.g., Varian 1999) . Thus, it measures the ability of each country to transform the minimum possible units of its own resources into the maximum possible levels of the three outcomes. As a result, a country or decisionmaking unit (DMU) 'is fully efficient if and only if it is not possible to improve any input or output without worsening some other input or output' (Cooper, Seiford and Tone 2000: 45) . This definition is operationalized through the development of a benchmarking model, where each country's three HDI outcome measures, LI, EI and WI, are evaluated relative to an efficient or 'best-practice' production frontier, formed by the benchmarking (i.e., most efficient) countries. The determination of this frontier is achieved through the use of the data envelopment analysis (or DEA) methodology (e.g., Cooper, Seiford and Tone 2000; Thanassoulis 2001; Zhu 2003) .
The methodological underpinnings of the HDI are straightforward and appear as a technical note to the various Human Development Reports (e.g., UNDP 2003). For each country, the LI is measured by the life expectancy at birth. EI is based upon the weighted average of the adult literacy rate (2/3 weight) and the combined gross enrolment in primary, secondary and tertiary education (1/3 weight). WI uses the adjusted, per capita GDP (PPP, US$). All three are deprivations indexes. As such, LI and the two components of EI are computed as the ratio of the difference between each country's observed value and a minimum goalpost value to the difference between a maximum and the minimum goalposts. A similar procedure is followed for the computation of WI, but using the log of GDP and of the two goalposts. The use of logs is intended to account for the diminishing returns exhibited by the income component towards the enhancement of human development.
Since its inception in 1990, the HDI has spawned a wide gamut of studies that may be classified into three categories. The first deals with attempts to enhance the understanding and justification of the methodological construct. Included here are studies directed towards:
i) detailing the evolution of the construction methodology of the HDI as a measure of human well-being, its impact on policymaking and possible directions for future research (e.g., Jahan vi) studying in more depth the relationship between human development and economic growth (e.g., Ranis, Stewart and Ramirez 2000) , as a way of justifying the use of HDI over that of per capita GDP as 'a measure of average achievement in basic human capabilities' (Jahan 2003: 3) ; and vii) stating reasons why the HDI construct may not have kept up with current global concerns (Sagar and Najam 1998) .
The second category of studies explores the role of HDI in explaining specific issues related to human development in specific countries. Recent examples of this rather voluminous literature include assessing the extent of regional disparities in Iran (Noorbakhsh 2002) or the state of human development in China (Dejian 2003) .
The third and final category attempts to extend the HDI's range of applicability through the incorporation of other dimensions likely to impact upon a country's human development. Examples of this literature are:
i) introducing environmental factors designed to identify the extent to which countries are willing to accept environmental degradation to obtain current income at the expense of future economic expansion (e.g., iii) assessing the advantages and disadvantages of using the HDI as a monitor of human rights worldwide (e.g., Fukuda-Parr 2001); iv) presenting evidence of HDI dominance over per capita GDP as a measure of human welfare, on the grounds that the former is better suited to capture 'how long the economy can keep the average person alive to experience [given levels] of welfare' (Berg 2002: 193) , whereas the latter 'fails to measure the lifetime welfare of the individuals' (Berg 2002: 182) ; v) assessing the HDI's suitability as a measure of a nation's competitiveness Srinivasan 1997 and 1998);  vi) evaluating the HDI's role in measuring a child's quality of life (e.g., Raab, Kotamraju and Haag 2000) ; and vii) using HDI as a yardstick in the computation of alternative achievement and improvement indexes as measures of quality of life (Zaim, Färe and Grosskopf 2001) .
One of the gaps that becomes apparent in this brief review of the literature is the dearth of studies on the level of effort, in terms of resources allocation, devoted by various countries in their pursuit of the three objectives embedded in the HDI and thus in the achievement of specific HDI targets. The current study attempts to bridge this gap. More specifically, the objectives of this study are (i) to assess the efficiency of each country's resource allocation policies in generating the given outcome levels of the three outcomes, LI, EI and WI; (ii) to produce an HDI for each country, adjusted for the efficiency of the resource allocation process; and (iii) to test for any statistical difference between the two.
Research framework
This section sets the stage for the efficiency analysis of the next section. It describes the inputs hypothesized to be affecting each output, summarizes the DEA model used in the estimation of efficiency and outlines the possible sources of efficiency.
The model's inputs and outputs
The outputs to be considered in this paper are the three components of the HDI, namely LI, EI and WI. The model also includes several inputs hypothesized to impact upon each output. Table 1 lists these inputs. Several considerations have guided the inputselection criteria. First, it should be observed that to prevent the data consistency problems common to studies of this type (e.g., Ivanova, Arcelus and Srinivasan 1997), the inputs have been selected from among those present in the website for UNDP (2003) , with the two exceptions noted in Table 1 . Second, in the selection of these particular sets of inputs, special care has been taken to account for the dynamic interrelationships among the inputs and outputs. For example, in the LI case, current health expenditures are obviously not the only health expenditures to impact upon LI. The pattern of past years' health policies are going to affect this year's life expectancy and thus such pattern should be included in the formulation. This is the well-known problem in economics of selecting the appropriate lag structure to each dynamic setting. Given the impossibility of the task, for each output, a series of stock variables, such as PHYS, are used as proxies for the cumulative effects of past expenditure flows. Third, included here are various male/female or female/male ratios. The rationale for these ratios is that the closer they are to 1 the higher the additional expenditure flows to achieve gender equality and hence the higher the corresponding output index. As a result, these ratios are being used as proxies for stock variables, measuring how much investment has already been undertaken to achieve gender equality. A similar argument may be made in the case of A/Y LR. The closer the ratio is to one, the higher the success of the alphabetization campaigns aimed at closing the age gap in education prevalent in many countries. Fourth, the FDI variable has been normalized through its division by GDP, thus substantially palliating the problem of unusual year-to-year fluctuations.
The DEA framework
For each HDI component, the efficiency of each country or DMU (decisionmaking unit in DEA terminology) is measured by its ability to transform the appropriate inputs into the corresponding output. The starting point of the analysis is the construction of an efficient production frontier, for each of the three outputs, formed by the 'best practice' benchmarking countries. For this purpose, the DEA formulations of the paper include a set of C DMUs or countries. The outputs are denoted by y co , where the index o represents a given output (o=1,2,3 for outputs LI, EI and WI, respectively). For each output o, there are I o inputs, denoted by x ci , where the index i=1,...,I o represents the appropriate inputs, as listed in Table 1 and c=1,..., C represents the countries. Only 80 countries had the entire dataset and hence, for the purposes of this paper, C=80. The rationale for selecting a single-output DEA formulation, each representing a particular HDI dimension, instead of a multiple-output framework, lies on the fact that, as Table 1 indicates, some inputs are unique to a particular output and thus the policy implications differ for each HDI dimension.
To achieve this paper's objectives, several characteristics of the input/output relationship need to be described first. These are based upon standard notions of production economics (e.g., Coelli, Rao and Battese 1998; Cooper, Seiford and Tone 2000; Thanassoulis 2001 ). The first deals with how efficiency should be measured. For this purpose, observe that a DEA formulation may adopt an output or an input orientation. With the former, the efficiency of an economic unit is measured in terms of the output levels produced with a given level of inputs and of its ability to increase those output levels up to those of the benchmark. This is in contrast to an input orientation, where the efficiency of an economic unit is assessed in terms of the levels of the various inputs utilized to produce given levels of output and of its ability to reduce those input levels down to those of the benchmark. This paper uses the input orientation, as being closer to the stated purpose of this paper of developing a resource-adjusted HDI estimates. Further, an input orientation appears more desirable since countries have a greater ability to control their inputs than their outputs. The second characteristic deals with returns to scale. If the underlying system is characterized by a constant-returns-toscale (CRS) technology, with inputs and outputs increasing or decreasing at the same rate, both orientations ought to yield the same efficiency level. Otherwise, when the rates of change differ for the inputs and the output, variable returns to scale (VRS) are manifestations of scale, which should be purged before the appropriate measure of inefficiency can be obtained. Of particular importance for this paper are the cases of non-increasing (NRS), decreasing (DR) and increasing (IR) returns to scale.
Another important characteristic of these formulations is the presence or absence of congestion. 'Evidence of congestion is present when reductions in one or more inputs can be associated with increases in one or more outputs-or, proceeding in reverse, when increases in one or more inputs can be associated with decreases in one or more outputs-without worsening any other input or output' (Cooper, Seiford and Tone 2000: 2) . Coelli, Rao and Battese (1998: section 7.5) gives some examples of input congestion in cases of government or union-based controls on the use of certain inputs. Output congestion is not relevant for this paper, since the outputs, LI, EI and WI, are being evaluated separately. The problem with congestion is that it is not costless to dispose of unwanted inputs. Hence, resources that would otherwise be used towards the production of the desired outputs must be devoted for such disposal. In the language of production economics, the terms weak disposability (WD) and strong disposability (SD) are used to denote the presence or absence, respectively, of congestion.
The DEA formulations exhibiting various combinations of characteristics are listed in 
Scale <1 and k n (NRS, SD) > k n (CRS, SD)
IR if
Scale <1 and k n (NRS, SD) = k n (CRS, SD)
CRS if
Scale =1
consists of the optimum values of the efficiency index, k n , as well as an assessment of the effect of congestion and scale on efficiency. The subscript 'n' identifies the country/nation that is going to be evaluated in terms of its ability to generate more output or use fewer inputs than a composite of Sall countries. All models have two constrains in common. One is the non-negativity constraint for the weights, i.e. for λ c , c=1,...,C. The other indicates that the level of output of the composite country, computed as the weighted average of all the countries' output, has to be at least as large as that of the country being evaluated. The other four rows provide the additional constraint(s) to be added, depending upon the congestion and scale characteristics desired. Observe that the above decomposition is performed for each output separately. Joint effects of the inputs on the outputs are left for future research.
Decomposing the efficiency indexes
The decomposition used in this study follows the methodology in Färe, Grosskopf and Lovell (1994) . A summary appears in Färe and Grosskopf (1998a) and an application in Nasierowski and Arcelus (2003) . The starting point is to decompose the optimal efficiency of the model in Charnes, Cooper and Rhodes (1981) , with constant-returns-to scale, strong disposability (SD, CRS) into three factors. These factors are also listed in Table 2 . The first two control for scale and for congestion. The last is the pure technical efficiency (PTE), a residual unexplained by the other two factors and thus perhaps a better measure of resource utilization than the VRS or CRS formulations. It should be observed that the NRS case does not play a role in the decomposition process. Its usefulness lies in the role it plays when determining whether the scale factor, if it exists, is due to increasing (IR) or decreasing (DR) returns to scale. Table 2 also sets the conditions for this dichotomy.
Analysis of results
This section describes the two-part numerical analysis undertaken in support of the efficiency-related model of the manuscript. The first part evaluates the implications of the efficiency decomposition listed in Table 2 . The second uses this information to derive the various efficiency-related HDI estimates and the corresponding country ranks and discusses the statistical evidence for and against the usefulness of the various estimates. 
The efficiency decomposition

The HDI estimates
With the efficiency coefficients listed in Table 3 , three different HDI estimates are computed. The first adds up the values of LI, EI and WI, weighted by the corresponding EFF (model CRS, SD) estimates of Table 3 and divides the resulting sum by three. The equal weight given to each output follows the original HDI computational procedure. This process yields the values of the HCRS column of Table 4 . A similar procedure is used with the EFF estimates for the (VRS, SD) model, to yield the values of the HVRS column. Similarly, the use of the PTE weights results in the estimates of the HPTE column. Table 4 includes the necessary information together with the original HDI and the gender-related HDI values and the country ranks resulting from each set of estimates. Table 4 provides a wide assortment of index values and of ranks, but no hint as to whether there are any statistically significant differences among them. The issue here is whether the various indexes exhibit any information content over and above that provided by the original HDI. The statistical analysis is summarized in Table 5 . The data in Tables 4 are used in the computation of the Pearson correlation coefficients between the values of any two indexes (the pair comparison t-test was also used, with similar conclusions and hence are not reported) and the nonparametric Spearman correlation coefficients for the corresponding ranks. These and other statistical tests appear in most textbooks on the subject (e.g., Lind et al. 2003) . The null hypothesis tests for the existence of pairwise correlation. Low p-values indicate presence of such correlation.
Several implications of the results in Table 5 deserve special consideration. First, GHDI and HDI yield almost identical values and ranks. Hence, GHDI does not exhibit much discriminating power, independent of HDI, in explaining gender-related issues. Second, each component of the decomposition in Table 2 may be evaluated in terms of its information content over and above that provided by HDI. This can be readily seen by comparing, both for the values and for the ranks. As a result, i) HDI/GHD vs HCRS can be used for the effect of accounting or not for efficiency;
ii) HCRS vs HVRS, for the effect of scale;
iii) HVRS vs HPTE, for the effect of congestion; and iv) HDI/GHDI vs HPTE for the effect of controlling for both congestion and scale.
The last comparison is of particular importance, since the comparison is made between the first and last indexes, i.e. without any efficiency considerations and after both effects have been accounted for. The results suggest the robustness of the original HDI estimates. All correlations are above 0.9 and highly significant. This indicates that HDI does manage to capture most of the inefficiency of countries in the utilization of their resources. Finally, these interpretations should be tempered by the observation that this stability is certainly due to the behaviour of the countries ranked in approximately the bottom two-thirds of the table. The top, say, 20 ranked countries (approximately) do exhibit sufficient variations across the various HDI estimates, to suggest substantial differences in ranking. Thus, the resource-adjusted HDI adds an additional explanatory dimension without distorting the information content of the original HDI. The reasons for this dichotomy are left as avenue for further research. 
Some concluding comments
HDI as an alternative measure of progress of nations has opened up new prospects for analysing socioeconomic development in a cross-country comparative context. However, it is still in need of refinement since development is a complex, dynamic and multidimensional concept. In fact, as noted earlier in this paper, there is a growing body of literature devoted to this objective. However, this literature appears to have focussed mainly on distributional or equity aspect of development, without any recognition to changes in the resource base. But equity without efficiency is not sustainable over time.
It is thus important to analyse whether a given level of human development of a nation is achieved using available resources optimally. The DEA methodology addresses this problem by recognizing and analysing the output levels and resource commitments in the estimation of efficiency-adjusted HDIs. Further, such analysis has been undertaken relative to the performance of other countries, rather than on the basis of some predetermined objective. In this way, the modern benchmarking methodology may be brought to the fore for a large cross-section of countries. One of the policy implications of this study, then, is that countries can find their human development achievements relative to resource utilization, and take a more pro-active approach to improve efficiency in such events where inefficient use of resources is discernible. As a result, to increase the HDI, an efficient country may need more resources, whereas an inefficient one may start by considering the need for structural change. Further, from the RS results of Table 3 , the resource allocation should be directed towards health and education, the two dimension where the overwhelming majority of inefficient countries exhibit increasing returns of their investment.
This study also calls for an extension of the debate on HDI by bringing in the efficiency dimension to it. In essence, it has attempted to integrate welfare economics and production economics to study the globally significant issue of development. Within these two branches of economics, there exist many facets of human development issues that remain unexplored. More research along this integrative line may open up possibilities for important theoretical and practical developments. For example, it may lead to the calculation of HDI that may be more in tune to new concerns, such as the environment or as in this paper, gender equality. The advantage of this development is that comparing across a variety of these HDIs leads to the identification of the countries that may rank higher in the achievement of a particular objective than in another. In this way, the selection of inputs and outputs can provide a better match to society's values. Such an approach is also more in tune to Sen's (1990 Sen's ( , 1992 concept of development as an expansion of the capabilities of a country and of its citizens.
